Abstract. At present, there is controversy regarding the efficacy of tamoxifen in breast cancer patients who are carriers of cytochrome P450 2D6 (CYP2D6) gene polymorphisms, in terms of recurrence and overall survival. Thus, the aim of the present study was to investigate the association of the CYP2D6 *4, *10 and *17 gene polymorphisms with breast cancer recurrence in a Brazilian population. The cohort comprised 40 receptor-positive breast cancer patients without recurrence and 40 with distant recurrence. A 3-ml sample of peripheral blood was collected from each patient to determine the presence of the *4, *10 and *17 single nucleotide polymorphisms of the CYP2D6 gene by quantitative polymerase chain reaction analysis. There was no statistically significant difference between the two groups regarding the polymorphism frequency (P=0.246). The results revealed that intermediate metabolizers occurred in 5% of patients without recurrence and in 15% of those with distant recurrence. Poor metabolizers occurred in only 1 patient (2.5%) per group, and there was no significant difference between the groups (P= 0.789). The present study concluded that the CYP2D6 gene polymorphism in women with hormone-sensitive breast cancer treated with tamoxifen was not associated with disease recurrence.
Introduction
Breast cancer is the most common type of cancer in women in Western countries (1) . Furthermore, it is the second most frequent type of malignancy in women worldwide after non-melanoma skin cancer. For the year 2012, >1.6 million new cases and a breast cancer-associated mortality rate of 522,000 have been estimated (2) . In Brazil, breast cancer is the most common type of cancer in women, its incidence shows yearly increases and the National Institute of Cancer estimated that 57,960 new cases of breast cancer will occur in the year 2016. However, due to the relatively low aggressiveness of the disease and the efficacy of available treatments, the prognosis of breast cancer patients is good with a mean 5-year survival rate of 61% (3) .
Breast cancer treatment is multidisciplinary and the survival of affected women is associated with early diagnosis and therapeutic strategies pursued. While systemic therapy is usually applied for pre-menopausal women with early-stage breast cancer, the optimal modalities remain to be determined (4) . However, almost 60% of all breast cancers in pre-menopausal women (5) and 70-80% of post-menopausal women with breast cancer in Western countries are estrogen receptor (ER)-positive and therefore eligible for adjuvant endocrine therapy (6) .
Tamoxifen, a first-generation selective ER modulator, is currently the most widely used endocrine treatment breast cancer worldwide. It has anti-estrogenic action and is used for adjuvant treatment of hormone-sensitive breast cancer, as well as for chemoprevention in women with a high risk of breast cancer (7), although aromatase inhibitors are generally preferred for post-menopausal patients (8 Tamoxifen is a prodrug that is extensively metabolized in the liver by the cytochrome P450 2D6 (CYP2D6) enzyme into its most pharmacologically active metabolites, endoxifen and 4-hydroxitamoxifen (9) . These metabolites bind to ERs with an affinity 30-100-fold of that of tamoxifen (10) . The CYP2D6 gene that encodes this enzyme is highly polymorphic and varies among different genotypes and populations. It has been established that a number of its genetic variants are deprived of any enzymatic activity, resulting in low levels of endoxifen, its main metabolite, resulting in a lack of response to tamoxifen with unfavorable patient prognosis (11) .
To date, >100 alleles have been described for the CYP2D6 gene, which are stratified into alleles of null, intermediate, normal and ultra-rapid enzymatic activity. Variant *4 is the most important null allelic variant responsible for abolishing enzymatic activity and a poor metabolism (PM), while the *10 and *17 variants are responsible for a severe decrease in enzymatic activity and intermediate metabolism (IM). The most important allelic variants are *4, *10 and *17, found in 25% of Caucasians, 38-70% of Asians and 35% of Africans (12) . The association of CYP2D6 gene polymorphisms with the efficacy of tamoxifen in early-stage breast cancer patients has been assessed by numerous studies, whose results were conflicting. Certain studies have shown no alterations in the efficacy of tamoxifen in breast cancer patients carrying the CYP2D6 gene polymorphism in terms of recurrence and overall survival (8, 10, 13) , while other studies have demonstrated a significant influence of CYP2D6 gene polymorphisms on the efficacy of tamoxifen (14, 15) . Only one previous study has evaluated the effects of CYP2D6 gene polymorphisms on the efficacy of tamoxifen in a Brazilian population (13) . Thus, due to the controversies among studies on other populations and the scarcity of investigations in Brazilian populations, the present study was designed.
Patients and methods
Patients. The present study assessed 92 female patients aged 27-85 years with hormone-sensitive breast carcinoma with and without disease recurrence taking adjuvant tamoxifen, who were seen at the Department of Oncology of São Marcos Hospital (Teresina, Brazil) and the Department of Mastology of Getulio Vargas Hospital (the Federal University of Piauí, Teresina, Brazil) in March 2010 and followed up over five years until December 2015. Twelve patients were excluded from the study due to incorrect use of medication or technical problems, which precluded analysis. The Internal Review Board of the Federal University of Piauí (Teresina, Brazil) approved the protocol of the present study under the number 0311.0.045.000-11. All patients signed an informed consent form prior to enrolment. The study included reproductive-age women aged >18 years as well as post-menopausal women with no history of thromboembolic disease, who had been diagnosed with estrogen-and/or progesterone-positive and Her2-negative invasive carcinoma, a clinical stage of I-III and who had received adjuvant endocrine therapy with tamoxifen. Patients with a histological diagnosis of non-epithelial malignant tumors, those who were pregnant and those who had taken CYP2D6-inhibitory medication were not included.
Study design. The patients enrolled in the present study were stratified into two groups of 40 patients each: Group 1 (without recurrence) and group 2 (with distant recurrence). The patients received 20 mg tamoxifen orally per day, which was prescribed for 5 years. The groups were considered homogeneous regarding age at diagnosis, stage of the disease and hormonal status, and different regarding axillary node status, with a significantly higher rate of distant recurrence in the group with positive axilla (P=0.006; Table I ).
Sample collection and DNA extraction. From each patient, 3 ml peripheral blood was drawn and stored in a tube containing anti-coagulant ethylenediaminetetraacetic acid. The material was stored in a sterile environment at 20˚C. For DNA extraction of leukocytes, the PureLinkGenomic ® DNA Mini kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used according to the manufacturer's instructions. Quantitative polymerase chain reaction (qPCR). qPCR technique was used for analysis of the haplotypes (CYP2D6*4, *10 and *17). For allele detection, TaqMan ® probes (Applied Biosystems, Thermo Fisher Scientific, Inc.) were used, whose sequences were in accordance with the single nucleotide polymorphisms (SNPs) described in the database of the National Center for Biotechnology Information (Table II) . These probes had a fluorophore on one end and a quencher, which is a moiety that accepts energy from the fluorophore in the form of light and dissipates it in the form of light or heat, on the other end. Reaction products were detected by fluorescence generated after exonuclease activity 5'→3' of Taq DNA polymerase (16) . qPCR reactions were performed in duplicate in MicroAmp ® FastOptical 96-well plates, 0.1 ml (Thermo Fisher Scientific, Inc.). A negative control was prepared by omission of target DNA. The PCR reaction mixture with a final volume of 20 µl contained 10 µl 2X TaqMan ® Genotyping Master Mix (Thermo Fisher Scientific, Inc.), 0.5 µl 20X TaqMan Drug Metabolism SNP Genotyping Assay reagent Mix (Thermo Fisher Scientific, Inc.), 5.5 µl ultra-pure water free of nucleases and 4.0 µl target DNA. Thermocycling conditions were as follows: Initial denaturation for 10 min at 95˚C, followed by 50 cycles of denaturation for 15 sec at 92˚C and annealing/extension for 90 sec at 60˚C and post-PCR for 1 min at 60˚C. The device used for analysis was the 7500 Real-Time PCR System with inbuilt SDS 2.2 software for SNP genotyping (Thermo Fisher Scientific, Inc.).
The results were preliminarily analyzed using the complementary 7500 software version 2.5 (Applied Biosystems) of the PCR equipment and subsequently with TaqMan Genotyper software version 1.3 (Thermo Fisher Scientific, Inc.) for the calculation of the allelic frequency, as illustrated in Fig. 1 
Results
Allele frequency within the cohort. Genotyping of the 80 patients (Groups 1 and 2) showed that the CYP2D6*4, CYP2D6*10 and CYP2D6*17 alleles occurred in 11 (13.75%), 17 (21.25%) and eight patients (10%), respectively ( Table I) .
Frequency of polymorphisms and phenotype metabolizers.
Variant *4 was present in 3 cases (7.5%) in Group 1 and 8 (20%) in Group 2. Furthermore, variant *10 was present in 7 cases (17.5%) from Group 1 and in 10 (25%) from Group 2. Furthermore, variant *17 was found in 4 patients (10%) from each group. There was no statistical difference between the groups regarding the frequency of all polymorphisms, probably due to the low patient number (P=0.246). Regarding the metabolizer phenotype, normal metabolizers occurred in 37 (92.5%) and in 33 (82.5%) of patients from Groups 1 and 2, respectively. IM occurred in 2 (5%) and 6 (15%) patients from Groups 1 and 2, respectively, while null or poor metabolizers occurred in 1 individual (2.5%) per group. There was no significant difference between the two groups regarding the frequency of all metabolizers, probably due to the low number of patients (P=0.789; Table I ).
Discussion
Studies on genetic polymorphisms are of great interest as they enhance the current understanding of the metabolism of numerous drugs, in particular anticancer drugs (17) . This is particularly valid in Brazil due to the pronounced ethnic diversity and regional variability in miscegenation. The most commonly used endocrine therapy used for chemoprevention and adjuvant breast cancer treatment is the prodrug tamoxifen. Its efficacy depends on its metabolisation by the CYP2D6 enzyme into active metabolites, the major one being endoxifen. The gene encoding for CYP2D6 is highly polymorphic and the variants show a great diversity among different genotypes and populations (12) . In the present study, the most common allelic variant in the 80 patients assessed was the normal variant *1, followed by variant *10, which occurred in 7 patients from Group 1 and 10 from Group 2. Women in Group 1 (without recurrence) and 2 (with recurrence) showed the same frequency of poor metabolizers, while patients in Group 2 using tamoxifen showed a higher frequency of phenotypes of intermediate metabolizers compared to that in Group 1. However, differences between groups were not statistically significant, probably due to insufficient sample size.
The higher frequency of allelic variant *10, which is pre-dominant in Asians but relatively rare in Caucasians (18), was not expected in the population from the northeast of Brazil assessed in the present study, which has a high level of ethnic miscegenation with a predominance of Afro-Brazilians. The CYP2D6 gene polymorphism encodes for an unstable protein, which leads to reduced activity of the CYP2D6 enzyme and is therefore classified as an intermediate metabolizer phenotype (19) (20) (21) .
In the present study, no significant association between phenotypes of intermediate and null metabolizers with breast cancer recurrence was identified in a population of women from the Northeast of Brazil with hormone-sensitive breast cancer treated with tamoxifen. The lack of significance may be due to the small patient cohort. However, the results of the present study did not show any influence of the CYP2D6 gene polymorphisms *4, *10 and *17 on the recurrence of breast cancer within the cohort. Of note, patients in Group 2 had a significantly higher frequency of axillary metastases than those in Group 1 and the lymph node status is a important prognostic factor and predictive of relapse. Although certain studies have shown that patients with the CYP2D6 gene polymorphisms *4, *10 and *17 have more aggressive and tamoxifen-resistant hormone-sensitive breast cancer of a recurring nature, a lower overall survival and a lack of efficacy of tamoxifen treatment (11, 14, 22) , other studies have not shown any significant effect of CYP2D6 genotype variants on the risk of breast cancer recurrence in patients receiving adjuvant tamoxifen (10, 13) , which is in agreement with the results of the present study. However, further studies with a larger sample size are required to identify a possible association of CYP2D6 gene polymorphisms with relapse of hormone-sensitive breast cancer in patients treated with adjuvant tamoxifen.
In conclusion, the present study showed that in a Northeast Brazilian population of hormone-sensitive breast cancer patients treated with tamoxifen, the CYP2D6*4, *10 and *17 gene polymorphisms were not significantly associated with disease recurrence. However, further studies using a larger population-based samples of patients with hormone-sensitive breast cancer should be performed to elucidate of the role of CYP2D6 gene polymorphism in the response to tamoxifen.
